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1 DeV| M Iwwm @mul | ess injection. operating with two
“concentr materials The technical field of
the inventiomisg that of prefill ed and di sposabl e
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and use
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-particle size of the 15 principle nmust be conpatible

W th h nduits i o avoid
o ocktf"ag' ‘Eh?@hgéce L &evfg 2 3560 dﬂ%ﬁ’gr g:é: f fRvention, a
type GETULG Pﬁ?jéVFspé]lPS&B}ekﬁémc’mSRds dfeen mdmwe or less

slbj evisobus 2QLigmiel, al opateent Squily waxtateexaw! g, g The
ment i @Bt BRY pf:.ﬁ'@g;ﬁl fcirhq?]é)aé ??31 L&Sd%.sé%%.’vgé in a suitable

relatln%toa rmC|nJect
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l'i qui EOW@GWI spbid elin boragopl 2aeed iconceamtraceédWshfpensicn

t he cant fhdggultﬁbﬁépeiiﬁglér Or&‘ﬁge é{‘éﬁgt Ofi UGl the

t t ressure
lrberrbué%lgg%}l%a%eﬁ& Noth&F™ g{e:éﬁ{' Wb 8/t§f4(f§"ame‘:er of the
descrFRRAuLE %wgbd%rqﬁrctpnja@ewohlwsa@em nvol ving a
pyrotechni c charge conposed of an explosive or of a

powdefne ThgeSPEEI fiC Jﬁ%ﬁg&qf tli}izér%%;‘l 6LI0r (hSeth t@@p of

30 it _is deS| ned.to ate the ens assoc a
wi t h SXTRRGR £ | BLTBRE uPeRoRng: hake Peemi ghacsupdect of
BPi ndgeralnpatientsact BMgwam thcexamphe} enestims miy e made

of the patent US 2,322,244 relating to a needleless
hypodermic injector functioning on the basis of a blank
cartridge. The liquid to be injected, being placed in
contact with the cartridge, is expelled from the
25 injector under the effect of the pressure generated by
the combustion gases. Another patent, WO 98/31409,
describes a hypodermic inj ection system J.nvolvn.ng a
pyrotechnic charge composed of an explosive or of a
powder. The specific feature of this injector is that
30 it is designed to regulate the problems associated with
‘the kinetics of expulsion of the 1liquid active
principle, not by acting on the characteristics of the
pyrotechnic composition, but by presenting a special
geometry that defines in particular an adjacent gas
35 expansion chamber equipped with a vent. The pyrotechnic
charge, situated in immediate proximity to the liquid
active principle, acts directly and instantaneocusly on
said principle by giving it a very high initial speed,
while the gases invade the main chamber and the
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pyr ot echni ¢ conposition, but by presenting a special
geonetry that defines in particular an adjacent gas 35

" expansi on chanber equi pped with a vent. The
pyrotechnic charge, situated in imediate proximty
to the liquid active principle, acts directly and

i nstantaneously on said principl2 by giving it a very

hi gh i iidjia?lensP&efhmy [ the gases invade the nain
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contrdt 99 qer dadendedr abi keatrdherid ﬁégggrgé,%gi?
adli eweetiHtids GBeQCIEY/ € dd%yi" fhe, shidi ng _novenen es. The
of a tgAQRAL! il Bd up of "A° cAEATIYE i hiRS dm  the
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upst r EAMFREs SFldntarstofr swalias cxbsed| 368PEM Bbused in
smal | hadpbit ugindetheasetbsakogy | Qgef 15 ?o as to 2
i npar Higpmi:&gex@l‘f‘”ofe%% iwse, I nputse-1o8 thesSt|Preyekes =
be expelled, then & %hgﬁ ®%i $hediceptasddcgbinder

t e
agstosgog-?i hRl et FRA%N pRe | bEEe T Hitgwiety dhtehbe impulse to the

appr opifrai@ presshe e, expeXrder tt%eﬁntsgégp?xg@gh?e pPiston is

penet gagpDdeedOsd N1Qr C contro )
profiles w tehou?. aﬁa\ﬁgég%t%ﬁf?tﬁ@géoﬁéﬂﬂi diquid, at

char al(:: %ri%"tﬂfé’?r&PtﬁheprPﬁF’éE@or,irit draéerhee8 ensure good
pr opdREtiatiest.ent FR 2 807 946, to design a

Pedl el ess injector equipped with a gas
In .order to control the pressure profiles without
1.1a"n.ng. to modify the geometric characteristics of the
injector, it has been Proposed, in patent FR 2 807 946
t.o design a needleless injector equipped with a ga;

25 generator involving a byrotechnic charge composed of
tht.a mixture of a slow-burning powder with a fast-
burning powder. The fast-burning powder ensures an
abrupt rise in pressure in order to give the active
principle a speed sufficient to penetrate the skin, and

30 the slow-burning powder being chosen to guarantee a
depth of injection once the skin has been punctured.
United States patent application US 2002/0161329 also
mentions the use of two powders in an injection device,

said powders having different combustion
35 characteristics. '

?y.contrast, _in the prior art, there are no needleless
;nJectors involving a pPyrotechnic charge composed of
the combination of a central energetic material and a



25 generator involving a pyrotechnic charge conposed

of the mxture of a slow burning powder with a fast-
"but ni ng powder. The fast-burning powder ensures an
abrupt rise in pressure in order to give the active
principle a speed sufficient to penetrate the skin,
and 30 the sl ow burning powder be’ng chosen to

guar antg- t Lplection gnce the skin has been
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pyrota@%{ charge, r es
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32 I r of? e®UrPn twhethmmi gdar mfwddie 885 PRk owder,

the t @ropetrgok| gft i dvadiPleiididsivegvers all pyrotechnic
substances 15 able to burn, whether gun powder or

pell e owder,, propergol, or even explosives. The
subj e%{‘gofs“tbﬁécﬁr é’igrﬁlm npeasent davanteed| €sl @SSheedleles

i nj ecthdactiben ce dmnipre Si RGmprRYEAREChYI C ; 3.
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activg E)ri neipl e and Eg inj%cpilaﬁoﬂozﬂ gfreserve of liquid
ctive principle, and an injection nozzle,
characterized in that sald generator comprises a
byrotechnic charge composed of a central energetic
material surrounded by a second, peripheral energetic

25 material, the two energetic materials having different
rates of combustion.

Preferably, the gas generator comprises an ignition
System for initiating the combustion of the peripheral
30 energetic material, in such a way that the combustion

front develops from the periphery of the pyrotechnic
charge to its centre.

With a pyrotechnic charge of this kind and an ignition
35 system of this kind, and depending on the compositions
chosen for the two energetic materials, it is possible
to envision a multiplicity of Pressure profiles as a
function of time at the outlet of the injection nozzle.



"characterized in that said generator conprises a

pyr ot echni ¢ charge conposed of a central energetic

"mat éri al surrounded by a second, peripheral energetic

25 material, the two energetic materials having

different rates of conbustion. Preferably, the gas
generator conprises an ignition- gystemfor initiating

the co zicﬁrﬁ of t_-t he peri,gheral 30 energetic
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The two.energetic materials having different combustion
charagteristics, the principle of this type of
Pyrotechnic charge is to induce a twin combustion
25 regime resulting in at least two distinct rhases in the
prgssure variation at the injection nozzle outlet,
making it possible to solve the twin problem of
penetration of the active principlé throﬁgh the skin
and control of the depth of injection once the skin has
30 . been punctured. '

Advantageously, the peripheral energetic material is in
the solid state, such that it constitutes an envelope
for the qentral energetic material.

35
The two energetic materials are preferably in contact
with one another, such that the combustion front is
transmitted from one energetic material to the other.



"The two energetic materials having different
conbustion characteristics, the principle of this
"typé of pyrotechnic charge is to induce a twn
conmbustion 25 regine resulting in at |east two

di stinct phases in the pressure variation at the

i njection nozzle outlet, makingst possible to solve

the tw roblem o penetration of the active
princi |bb'lr<]1(‘e’%'f'l %FSﬁ@fﬁs Ye ék? PRETE euserolsusfacheoflephd central

of inj &@ergatbaceatemialkiis has coatabeeniRHNEhE! 86her surface
Advant ageeHg! yeriicenar iﬂ%ﬁ‘ti@‘:ﬁé@@é{&t material is
|

in the solid state, such that It coORs utes an .
“envel oge for the central energetic material. 35 The
t wo® enBFERTEENgmtED | & s Bimstpr ekerabiydi Ne@lSdHAfdnt of the

Wi th obavareidter , t¥eChytHedctlie C%g@r%g% i J?sg %ng\t&ilﬁgr made  up
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cent r aFSREFRY gerexgetierhateral neeord@EdedVi b Eh%erigheral

I nner ensfastlc Glatidiganer igyer ti.c. materi.al .,
Aclcborda{@féz%ﬁ& fi st ggeferreﬁgnbe%l nlcofmttﬁ 318
i nvention  the pIrotelhnfPRYEHiGR i s a powder made up
of several grains, each grain being conposed of a

cent r Advartagebus 197t afHedl oSN GrHRASH DY c%xﬂﬁglgi.iggﬁ Z\r/afln ingle

ener gety e&m&gal two, energetic mater :
10 di ?‘f‘%:r%ent rat escgép%nbm c?'? of? ARfantag@oWery,; ta the
gas gdifer&GradoRperaesia sangrial pyastachate obacgebustion,
mife @greotez pbadethadndsftthe cdffiaNheilrgeReEIRLESrial. 1
mat er it}i shaga@ I ake QﬂeC%@?ﬁt'oo %gwgreﬁt er than t a?
of thg central’ energetic material. UBHE QR (ay et Pressure
the st&Ft sfeiom% &n, t? h&eprbssur shresbpddsemlue, - then,
rapi defceotheacentrahreshgeat ivahdeeri B8Nbeg 0§ €td NSurn, the
centr presserget i @éﬁfefarsbgl bqg.i,f]%&e_to bé’%é‘bif{]zeing at a
PEESSPLEadBEERASES PSS éfgwltﬂez I ng?emgntioned threshold
value. The initial pressure threshold allows the active
principle to puncture the skin of the patient to be
treated, while the pressure obtained in the following
| phase allows the active principle to penetrate the
25 patient’s skin to a given depth. Conversely, it is
po:?:sible to choose a peripheral energetic material
having a rate of combustion lower than that of the
central energetic material so as to introduce a
pyrotechnic delay with respect to the combustion of the
30 central energetic material.

aving

According to a second preferred embodiment. of the
invention, the gas generator is formed by a mixture of
two powders each having several grains, one being
35 composed of a single energetic material, and the other
being composed of a central energetic material

surrounded by a peripheral energetic material having
different rates of combustion.



"20 predeterm ned | evel below the aforenentioned
threshold value. The initial pressure threshold
“all ows the active principle to puncture the skin of
the patient to be treated, while the pressure
obtained in the follow ng phase allows the active
principle to penetrate the 25—patient's skin to a

gi ven Conversely, it is possible to choose a

peri pﬁgﬁgﬁg@ae%%oru \é"tyl'c ﬁ%?eﬂ%’lderheﬁﬁfmys@dr % oo different
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one bei ng 35 conposed of a single energetic material,

and the other being conposed of a . central energetic
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a preferred enbodi nent of the invention, said powder
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monoli thic Sai d bl ock can, for exanple, be
According to another preferred variant of the
invention, the central energetic material is in the
liquid state and the peripheral energetic material is

25 in the solid state. The liquid energetic material can,
for example, be an ergol. '

According to a preferred embodiment of the irivention,
the central energetic material is in the gel state and

30 the peripheral energetic material is in the solid
state. The energetic material in the gel state can, for
example, also be an ergol.

| Advantageously, the pyrotechnic charge composed of a

35 central energetic material in the. liquid state or gel
state and of a peripheral energetic material in the
solid state is obtained by a process of encapsulation.

The encapsulation consists in generating a shell of



"cylindrical and have a central channel in the nmanner
of the geonetry of the bl ocks of propergol produced
“in "20 mass propul sion. According to another preferred
variant of the invention, the central energetic
material is in the liquid state and the periphera
energetic material is 25 in the 3otid state. The

l'i qui t Cs mat eri al for exanple, be an

er gol de% H |ngzt- o & hr e?ﬁ?ig%ﬁt cRBGHPHEAT BPlife liquid or
|nvent9901n" 13"(%@*‘@6%#&5 energetic material is in the

gel state and 30 the perlpheral energetlc material is

|n th T ner ferial in the gel
te(ah::cz{"r%1| Cg ?1 SxapPE re?g-g%& ‘?E of the ilg'lvention.

Ad anﬂ%ﬁ% FfaltW@eﬁyﬁéﬂecmamerchhrge compose@ of & powder

35 ceMaGd epergfet ae m%ggﬁabnbn ggg [ d t

gel tt(ge@q_}g H&t@rf’ﬁ her a é geril chrrgt et'r%%egl Seg{pheral

the solid state Is 0 Q?sé pPoc@sRipForilm.

encapsul ation. The: encapsulation consists in

gener ativagtagebesly of tﬂe ﬁﬂefgﬂlrﬁ CbmpPELds péogfggtlcz.zer,

epgl ogi l=li ke materi al
Accorglﬁga§giig%$e &%Eﬁﬁgg PRERE of t he |nvent|on

5 the central energetlc material is conposed of a
powdePrefradably, ofhentpdwehat i@Ne GbAbBenabls!Péwder based on
a

peri phetdbceENEIQRI I C material is conposed o
nitrofilm Advantageously, the nitrofilmconprises a

pl asticizer, 10 a stabilizer and nitrocell ul ose.

Fref ehdvantagenusivudehel poadhenogenenus rﬁ%@ly@@%fﬂe
on nitrocellul ose. 15 Advantageously, the powder

cont ro cerin e nitrofilmpreferably
consta#)?ut esézé %’r%’% %%Fé?%y cqngtitmeesr & slosfed envelope
powdefor xheTigradinsr ofi bawderves, on the one hand, as a
receptacle for the powder in order to facilitate its

2% €O | Mt rofilm serves, on the one hand, as a receptacle
for the powder in order to facilitate its integratlon
in the generator and, on the other hand, it promotes
the ignition of the powder by virtue of its capacity to

be easily initiated in combustion and by virtue of its
25 high rate of combustion.

The needleless injection devices according to the
invention have the advantage of guaranteeing
satisfactory injection of the entirety of the liquid

30 active principle, using a simple operating mechanism
and taking up a small space, requiring neither specific
parts, machining or additional costs, nor modification
of the geometry of the body of said syringes.

35 Moreover, the_wide variability of the compositions that
can be used for the pyrotechnic charges included in the
injection devices according to the invention means that
it is possible to achieve a very wide variety of
pressure profiles which may be adapted to all possible



“in the generator and, on the other hand, it pronotes
the ignition of the powder by virtue of its capacity
"to ‘be easily initiated in conbustion and by virtue of
its 25 high rate of conbustion. The needl el ess

I njection devices according to the invention have the
advant age of guaranteeing sat rsBaetory injection of

the en it I| 0 active principle, using
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devi ces according to the invention nmeans that it is

pOSSi tfl%“trg achieve a ) wide ar| ety of ressure
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cherg | Red; l. rLoven jgnition systens .
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whi ch the peripheral energetic material has a rate of
conbuﬂ on | ess than that,of the central energetic 15
matertat - Ei gurlg # i §13PLi fipd f geaPlyr aphresentative of the
repreBé‘Fﬂ%}ﬁQ/eVtheheonprmssmhe Vit 2 £l & orbuauethaaver time,
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energetl . m}{)@ﬁ%ﬁ{alhas erlggttéc fmategfal has a rate of
combustion greater than that of the central energetic

material.

Referring to Figure 1, a needleless injector 1

25 according to the invention comprises a pyrotechnic gas
generator 2 ‘made up of a primer 3 and a pyrotechnic
charge 4, an ignition system 10 comprising a
bretensioned spring 5 and a striker 6, a combustion
chamber 7, a liquid column 8 including the liquid

30 active principle 9 to be injected, and an injection
nozzle 11. The column of liquid 9 comprises a glass
tube 12 closed by two stopper plugs 13, 14 between
which is situated said liquid active principle 9 to be
injected. The injector 1 according to the invention is

35 provided with a trigger system formed by a hood 15 and
a spring 16 which is able to compress under the effect
of the displacement of said hood 15.

The mode of functioning of a needleless injector 1



"conmbustion greater than that of the central energetic
material. Referring to Figure 1, a needl el ess injector
"1 25 according to the invention conprises a
pyrotechnic gas generator 2 nmade up of a prinmer 3 and
a pyrotechnic charge 4, an ignition system 10
conprising a pretensioned sprimd 5 and a striker 6, a

conbus er a i UId colum 8- includin
t he. |%‘gu| dd’g’{?@ tvh‘"’ APVED EJPB 55t PP efeldjomingd, gand

an injection nozzle 11. The colum of liquid 9

conpr i Tee angleassr ti&)epb%l@ eaed t t appek, bl

13, 1%?@4 % S| tgat ed ?ﬁd%?ﬁu. d ac?'l véei'gdst the

pri 9 16 be |nJ BETHASE THRS | fkiRt Bf thacPafiemly to be
he R} on is 35 provided with a trigger system

formed by a hood 15 and a spring 16 which is able to .
conpr ess pglgg of the_displ acerrent of said
hood ?ﬁ he n%zte o§ %unc i ofPng "6€ a HRASI elsscauses  the
i nj ectthSPLagemgrEqpPdi Agidohond 1$1\Adtntckoms snaidee resistant by
fol | owilreg.effeeti Rifeaihe JpriRRsile [ y.

that thgesRBZA! € éé.r&e% 3,1 a%@ nst qfq%hs%oﬁggg sgﬁw Beyond a
pati ent to- é rea prad¥tr &o0¢erted dhe hégnition
hood P¥3E&Rsdd thfe reheaietbeenuldfingaiih hooel #&laskitdlen of
L\; rrﬁttéler Eme;temmolgpd ts&&-:&fg* est agly, th:gued%@f'o% 1Q:he fabrupt:

i ch ag epmL eeRES y e epressi,on_o

sai d oogmli,r%t : % as"]r'qf 9 L r&Pedfdged to it
resul il ?%'ﬁso het IPéflplﬁé‘t éinswlzyx\@d is set in
- shPi nQOEbHﬁtjlonhemdmmgtbheabbrumstiibrspégcgﬁ@nﬁ technic
the sthakee 6. \Mi-heh ’als%sl Qaln(l%‘iehoh'f x—_ﬂgsa' dr%S{}Ssngﬁ o saig

I.S set

[ nmpacLg ch
i nducl ng{.?%e co%ﬁﬁﬂ‘ﬁﬁz%f e ﬁ?F’BP%Eh‘Pﬁlc chgmbege % thus
The gBE@¥CRIAT t 6dspjackpenbnnGt itte oligeidl cchange & The

pr es s@owze tdam (pllﬁudﬁztlpilﬁhg(l'l@”b%lzh 1ﬁh9§tu§’féﬁ’%a@:st £o

depl aeeneidzd 1he Ld %&Oile 1n ‘a space 17 provided for
this purpose, while the upstream piston plug 13 which
is situated nearest to the combustion chamber 7
continues to move, exerting a pressure on the liquid 9
to be injected. Said liquid 9 then escapes wvia an

25 ' injection channel 18 situated in the nozzle 11 and
freed by the downstream piston plug 14. The injection
cofitinues until the upstream piston plug 13 comes into
contact with the downstream piston plug 14.

30 The following non-limiting examples illustrate the ma:.n
characteristic of the invention concerning the
pyrotechnic charge 4.

Example 1
35

The pyrotechnic charge is composed of a single powder,
and the peripheral energetic material has a rate of
.combustion less than that of the central energetic
material. A representative pressure profile obtained as



“downstream pi ston plug 14, which is situated nearest

"to 20 the nozzle 11, cones to lie in a space 17

"provided for this purpose, while the upstream piston

plug 13 which is situated nearest to the conbustion
chanber 7 continues to nove, exerting a pressure on

the liquid 9 to be injected. SaldH4iquid 9 then

escape ' 5 Ltnjiection hannel 18 Situated in the
nozzl e§1¥ gfo rekedbbrfj' 1Rk 'glb A sthavmp|igg Figure 2.
The | nF@ctar oﬁirééntﬂhﬁ%ﬁs utlhe | ctotnbuapi;bneamﬁ ptR&Oeripheral

pl ug l@nengetsid nhdter dll atbadd t Rot Re Loy L T o)
plug 14redQ; e fgllg o gg nan Ilﬁn?ll nt%’exa F{é‘é}@&s% Th the
gelph?lslec of2¢ hBTPATRRE| dRCcreases

illustrate t emaln arac

corcer #PRP e Y8y t6t éélﬁ!nlc@mbhatg@an Exmeptentiral3®nergetic
The pymateciali. CFdhangy,lehsQﬁ&éé%ﬂ%eoﬁl%wﬁyn8E8r89&9§
0

and the peripheral energetic naterial has™a rate
conbustion | ess than that of the central energetic
mat erim&pr esentative pressure profile obtained
as 10 a function of tine at the nozzle is shown in

Fi t nbust i f.t
pg-?lu[)ﬁrelfe }Jrg)%rcﬁ'nhié CBQ r| a% Fﬁg&ﬁgs%@ Iggploaﬁpgfe powder,

| t
incre i e hee b?é%%%ﬂ' e eNeRIgtiecoetephiade hashea rate of
pr essmhuﬁcn-easeseatabr inhisky thae tF tice COBRESA] OEangetlc
the coiveshachg oY
a B. 8k Eesé@iﬂuﬁé gﬁies@%: 8%1?“1% %ﬁ%}:d'éed as

| W|
|Ssoco g%é“r fm o QV’S ﬁBWBBP n°éﬁjdet1r=1; gé?wfphbl?aﬁ‘lgure 3.

eher gdfi @ nbirat phass athet pres sumoninist el @Rt ly due
t han tthathef cbRBuseidd ad £ eried GRid;! he%tlereh@k:geél.c material.

repr esent_at sure pt.of i | e obt al ned
f uﬁct |%glntaoféetc‘%n%r gi% %|%r?%5%mqwrme§urr@ gincrease

15 | nMaTei rEradrldy tﬁ@dpr eftna¥ly .ncrsedsespabsspie Y slowly
due tecreasesmnbusti on of the peripheral energetic

neg eri al .
The large numbers of existing pyrotechnic compositions
that can be used in the needleless injection devices
according to the invention permit a wide variation in
the pressure profiles at the nozzle outlet, thus making
25 it possible to treat a large number of configurations.'



“In a second phase, the pressure continues to increase
nore gradually, and, finally, said pressure slowy
"decreases. 20 The | arge nunbers of existing

pyrot echni c conpositions that can be used in the
needl el ess injection devices according to the
invention permt a w de vari atTont im the pressure
profiles at the nozzle outlet, thus making 25 it

pOSSi btfaio treat a |arge nunber of configurations. -
11 - 1. Needleless ' injection device (1)

conprising a 5 pyrotechnic gas generator (2)

i ncl uding a\led@lreqteg%hml(hj%@%Q?f gragﬁ?é tg of compr:.s:.ng a

' getic s _havi
CO%rbUStI on, ﬂ}}?:to% gﬁ% £ on¥ |st$i:ﬁﬁlee-’£3°r14) (2h rdeoeduding a
of liquid Pé{éloltﬁéhpﬁ-pncﬂplaegw) coapdséd | Bf eCtiv®N energetic

nozzl e 10 @Mkrlﬁmarﬂﬁﬁfﬁbzéﬁff&%{@&a r 5%%%8“95 n, at
su u !

“energetic gategials is.centr
the ot her energet| iy L3whild i s2  Fesepmer aif, llquld

a;g th:e V\hsﬁl‘dﬁ mem]rt;sgum?ceam drhe iggRtE@bn nozzle

edérgetic Bl i athhSakfes @C r

surface of hgg Qg{ép%gége etz?'Mc %Serlaﬁ qgte the two

Devi ce accor ) ﬁ?i sc Sr £EPEFPF e @i dshagsurrounded

the peri ph&¥al rg@Fh@rnHIQnenﬂetus i nmatherisl i dwh2éh is

state. 3. PeviplerglOrshdigthd AR r [

in that tpge @p%ggﬁé{%nat er| acﬁsffar%{?na%eﬁ{ 5Jt‘;-(h‘ce ot

V\#a one notﬁgﬂ rding % drOsaRRact with
racteri z2%9. ﬁ%etrhaﬁurtfﬁéepwfntetdiml pechiphgeal s emergetic

powder nadeatgricil.

2. Device according to Claim 1, characterized in that
. the peripheral energetic material is in the solid
20 state. |

3. Device according to Claim 2, characterized in that
the two energetic materials are in contact with
one another.:

25 _
4. Device according to Claim 1, characterized. in that
" the pyrotechnic charge is a powder made up of
several grains, each grain being .composed of a
central energetic material surrounded by a
30 peripheral energetic material, the two energetic
materials hav:.ng dlfferent rates of combustion.

5. Device according to Claim 4, characterized in that
~ the gas .generator - (2) comprises a single
35 pyrotechnic charge formed from a powder, and the

peripheral energetic material has a rate of
combustion greater than that of the central
energetic material.



" several grains, each grain being conposed of a

central energetic material surrounded by a 30

"peri‘pheral energetic material, the two energetic

mat eri al s having different rates of conbustion. 5.

Devi ce according to Claim4, characterized in that

the gas generator (2) conprises ¥single 35

pyr ot eghni cpghat frao owder, and the .

peri pheral’ energ%fal{cqr]r@tiggi glomﬁggg’ﬁm?at ghgfacterized in that
combust i on theatas PREATERRAY Of)tHe chovmesl bener gékture of
material . 1@vo GovidetisGe eachOhgiifigt SatdAl M drains, fﬁgdbeing

charact er! ibhgdbeddle b6 993 DLALAN L Tl Bh ene

byasa m xture .o two powders,
gral ns, onéB¥Thg Peidghosampesed siofgl @ ermmngenilc energetic
materi al amhtidrdad osberobeieg ceppose i tr .
energetic RLEGL haym%uggfg b%gﬁtoie?%%fhl?zﬁi%a %.hergetlc
energetic materral having di T1e atgfeQtofombustion.
conbustion. 7. Device according to Caim 4,
char ac'l.ﬁri Degrice ababrdidgtte Erygers %g&@a@tﬁggzéaoﬁ that
aignoot hin p Ny A according to Caim |
4, charact gfl ?zgg@{iﬁpth%t%%%ﬁgcm%&mi g 8’8?8?%’6’69 fPSR&1on.
coating operation. 15 9. Device according to aiml,
char adt-eri Pedtite abedrdime fuyraliciehn,C ctizbdBelfzed in that
conposed okha ﬁ@@@@ft{g(bbégiggﬁsﬁlg§ogfﬁ$ce.accordl

a

n :
to aim2, characterized in t ATEH roﬁeratgon'- '

e
energetic material is in the liquid state. 11. Device
aééoré:-ng Devirai serdiy ant elated 1i,nchighortifred in that
central enen i, ; e tate. .
L By LRy SRR o 1 b of £ o scnic
characterized™Th that the pyrotechnic charge is
obt ai ned. by a process of encapsul ati on.

10. Device according to Claim 2, characterized in that

20 the central energetic material is in the liquid
state.

11. Device according to Claim 2, characterized in that
the central energetic material is in the gel
25 state.

12%- Device according to either of Claims 10 and 11,
characterized in that the pyrotechnic charge is
obtained by a process of encapsulation.

30

13. Device according to Claim 1, characterized in that
the central energetic_material is composed of at
least one powder made up of at least one grain,
and the peripheral energetic material is composed

35 of a nitrofilm.

14, Device according to Claim 13, characterized in
that the nitrofilm comprises a plasticizer, a
stabilizer and nitrocellulose.



30 13. Device according to Claim1l, characterized in

that the central energetic material is conposed of at

'l east one powder nmade up of at |east one grain, and

t he peripheral energetic material is conposed 35 of a
nitrofilm 14. Device according to daim 13,

characterized in that the nit+rdf3 |-m conprises a-

pl asticizer, a stabilizer and nitrocellul ose. 13 15.
Device_according to Caim13, characterized in that

the poheler Pevigehorogending gowlelaimsad,oncharacterized in

nitrocel | ul@f® ¢nd CEa ACC
characteri Zrﬁq: Ijo::: 6%%% ﬁ%mﬁe%@gﬁ?g%ﬁgg 35‘9&&15 'based on

ni trogl ycerine. %fce according to O aim 13,
characterized in 10 that the nitrofil mconstitutes a

cl osedl @nvaerpee f@écéz"lﬁr{&)\/‘ﬂgr c1]é<3.i. Dggl C M A 89ea in

to daimi1l, 1% aq:ﬁgtﬁg & gener at or

(2) conpri SEEt SR RPYEeh %%rtaé‘rﬂs fgtmg}ygﬁune

initiating conbustion of the peripheral energetic

mat erilal.. Device according to Claim 13, characterized in
10 that the nitrofilm constitutes a closed envelope

for the powder.

18. Device according to Claim 1, characterized in tha%

the gas generator (2) comprises an ignition system

1s (10) for initiating combustion of the peripheral
energetic material.



